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(54) ROBOT DEVICE AND CONTROL THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stabilize a working posture at the time 
of working by prescribed leg parts with a simple structure by controlling 
the posture so that an ungrounded prescribed section and/or the 
prescribed section of a main body part may be grounded in the case of 
the whole or partial movement of the leg part except prescribed leg 
parts in conducting work using the prescribed leg part. 
SOLUTION: In taking a seating posture, a walking robot positions a leg 
mechanism in a roughly horizontal condition with rightward rear and 
leftward rear lower end parts 36 directed forward. In taking a walking 
posture, a body lower surface rearmost part 43, which is a no-contact 
section, supports its center of gravity 41 on the more rearward side 
than a perpendicular line GV1. In taking a working posture from the 
seating posture, the walking robot releases the leg mechanism serving as 
a working means from a ground surface 42. The walking robot maintains 
the inclination angle QB1 of a body 1 1 to hold the leg mechanism on the 
rear side toughly horizontal. As a result, the rearmost part 43.of the 
body lower surface supports its center of gravity 41 at the back. 
Therefore, it is not necessary for a microcomputer to control a 
supporting position behind its center of gravity 41. 
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«. «*Tffl*fHP4 3*3t££ U/cf^±^©llI^ 
#^;L<Dtl£C<i:(C&& 0 — 0 1 3©_kffil3tC^-r 

<£ 5 cc. a:s*»«::b(,vtiife¥ffl 4 2 KJBJK L-te*j>4 
l©fifg«, ^r©TSBU2 1 , 2 6. 3 1, 3 6©-e 

nott *f*irRW2fear©T4jia52 1,26 £is«: 

101*. *f«&Cfifea©TSH»3 1, 3 6©&t&j&£ta 

<0, Mfn^v hi o«, ffr*FH4 2fc:fi:RLft3&&4 
1 ©<4M£, TSSP3 1,36 ©«*j^<b««nni»a 
SP4 3©»ML*t*BL^4-r*^ft* > CteS5»«W4 

7 ^ccssg-r ^ C £ 

[0 04 8 ] § 6iC*HTPJf^ h 1 0 5*. C©t^J§7&>6 
T»3 1, 3 6*fffflS-er. ^&e>'£i!u©TS95 

21.26 £3d&£ ufcstJb^nAi©ia<g**m.£i>{cJ^it 

WTOJ14, 1 5{cj:-,r|ac iti^^sci 

* 4 o 

L 2 2 =L. 2 + L G 2 — 2 L 1 L c . cos0 
[0 05 4] CilGCj; 0 . ±#«MMUt 0 a #&©5£ 
(2) SriS/clT i t . THBB 3 6 a . tWffi 42* 5J6jm 



30 



(6) #HB¥ 10-202562 

10 

* [0 049] *K, ffi0s6»J:»)«»l 1 *ifiC-rRl 

tS. c©«f»WftWtttt. r**»:c- 

8 0° gfltLrt»BttO&rt»-3fc»K U > f s&sWNia^tC^ 
■®Lfc*)m<DM*ts:g®V&&-rz. «*.«*"!/ >4» 2 
8, 3 3 £&0^©ftgJ:D ±#K0ttr 
». T^gR 3 1M3 6 #ttffiB 4 2 (CfflJft S tl * C i 
K J: (3 , TJ^g|53 1.36 ©Kifc&£i8ifiDttG, t ©»# 

[0050] cct, -en-en©w , ;>i'©s$i[HiiE 

«JK©PSW^*>^>^ff ; &ii§A:-rj;^(cK^-r.5,c:<!:{cj: 
or, ±»©J:9tt«MII«jttiW«j3W9PeEOrt>. gr>$ 
»*»«B«5IW»6T«SaS3 1 , 3 6©«tfej&£ttfiSlG 

«,©«*«:S3lWSc43&S'r*«c<b*^r. ^-t^eji 
»fTsi»©i(ra©jwflHf 1 5©fl-B«ttr»r4. 

U ii^lWcTSfc*, ^roiWSMt 1 2- 1 5# 
2S&*fa?{c|Si^{ctt^-rs*>©ibr, mrntfv b 1 
0 ©*{C2!E«R:*iWStt«%«W-rS. SfcTi'^i 
*d3gp3 2©@ttct>^©lSii$*iMf* 1 1 Tffiip] 

— -c&zt-rz. 

[0 05 1 ] H2Kwf«fc5K. «»[«»©£*. lift 

1 i», stttur7K^F(cffi}^§nri,^ 0 sfciistc 

J:5fc. Hfrf*©r^?^x-d?##Mtp3 2K. * 

jSGcfBii-r > * 3 3 *hb» 1 1 £ k> ±fttcwMrr 

1 1«. m*J>93 3. 3 5 3ftJJB#l l=fc0±^(C^«{) 

[0 05 2] 7^? a x-^i®32;!)^*¥14 

2 tiS\SMG vl <t©3S*4 8 S-C©7K¥*(6j©S3^ L 
»tl, »!/>i'3 3©fi3*L 1 4L-, 
W;>*3 5©S3*L, TWW3 6 ©&*&#• 
■6* 5i'3S*4 8(Cfeg-rSi*, «SU lt L t L2 

^©S(D ©w«*Mfc"r. 

[0053] 



[«1 ] 



(1 ) 



[0 0 5 5 ] 
[^2] 



<9 1 S cos 



L, 2 +L 



G I 



-L 



2 L 1 L 



(2) 



G I 



[0 05 6 ] *fcH4 ©fHHs8»{ctet»rTilBB3 6 * 

tee»Gvi©ir:£ ($fiB©^[^> rg^TSCcii. ^ 
©s;(3) *m-rct*s<i:>i?-cfts. 



[0 0 5 7 ] 
C*3] 



50 



(7) 



11 

Li +Li > Loi COS 9 i 



mm- 1 o 

12 
<3) 



2 02562 



[0 0 5 8 ] 5£(2) SO^C3) *PN*$K:«j*fr«fc 5 K, * 

ffPjK? HOI*. ttSti&M>&fflE£«g|teSSC 
[0 05 9] 0SDsSW»6S[%^«:xf— 

j^t-si^©^©^^ 1 5 (ofiaiftttwr*. a i io 

ft A 0 . i C ytfflBBsWiJPIf*: 1 1 TftlC&m 3 ft 5 C t 

k <fc o . c ©fi&ftK e , , jw«aM*M« or r * * » 

x-£tf*|f§gjS3 2. 3 4 4®g{CHSb-rSCi*s-c# 
S. ChK J; <Q , 6©»ifo&*tti¥H4 2 i»* 

L 2 2 =L, 2 +Lr. 2 2 -2L. L C2 cos C 
[0 06 2 ] lot, _fc2fR»fttf*e 1 as3C©3£C5) * * 



[0 06 0 ] H<;>»33«JH(*1 1 J:f3±*«c@tt-r 

-*#SHflf32*»6£jiS[44S W*JF3f l*l©fi 3 * 
L^iL, TftBB 3 6 *> * 5 4 41C& 

g-T^i^, ft$L 0! , L,. L, ©32£fe%, S3 

flS0.,-C45 3ftf!ii3f^h5, C©3ft»tt. & 

[0 0 6 1] 
[«4] 



0 2 ^ COS 



■{ 



L, 2 + L G2 Z -L 2 s 



2 L 



0 2 +flai) 
[0 06 3 ] 
[»5 3 



- ^ 



(4) 



(5) 



[0 06 4] J^fiCDJ: 9K«WftR0 ..RCflW: 1 1 T 

3r©*aai**ifli , ca&$>. i^ftge, b±2frji 

ftK6» a (CitL/"C/jN3<T?StrCi{C&S 0 cntcj; 
«J. 7^?^i-^i®2 7, 3 2©Mttlfr&$IJ,ft 
^ifflncimS. *fc (4) KR[J! (5) 
iC^rSI/c-r.fc^KSSU , L, . i*4 1fl[fSgg 
TSCiKiO. $ff»#9 h 1 Ott. 1 £j@C 

[0 06 5 ] H#K\ nffifSdiH :» KOieYCKH-rSW 
SSTii. B*«^^S:« (CI) 58^5 5 5^ 

(1 992-1 1) No92-0470 rft$^3 
o© y > 4/ 3 ft P # y h ©jEttfflffl) J 
H 1 7 CC^-T J; 5 tc. C©W©PsKy M 9t*. mmm 
5 0. 5i, 5 2©^r-«jS3nr*j«3 l miffi®*&Wi 

©WtaflfT^*. £ 2 W^tf P f f- 4 JW^tfP tf? f h 

[0 06 6 ] &*©2JW*HtP**»; R*. ^SbS: 
££8*>&$ff3-ttri>fc. C©/cto, fE*©2JB*frfT 

[0 0 6 7 ] «. r#S«f*o # f h tc^ 

-btfOttfEj P^-r-f ? irx-Jjj b P-X4>»^|# ■ 

95 ROB0MEC 95 fflffiffiXM (VolA)pp.239— 242&Cfc!,> 

4JWIi#T':&oc£ic^rj&^TU&. o*>C/ t c© 

ft £*&©fiJJl?-^ ©11805© h;Pi>©ff-|Ii£;J<T->^-t- 



i*©<fc5CC^Jjk3-tt5d>(cot»'C^r<,»5fe©rttJ5: 
[0 06 8 ] &IU&-fRB363-lS1582 tutf? F©*tf» 

awiL-riaa^ft-ru-s, tomfutfv h*. 
©# *«, *ti*n©jiwwf«i 2 ^oywmwur^ * 

30 ^x-^?r/rLrM*i®-^3tir^-5.Cir*^ 0 fs 

18 0° *ff&5©ficB«:!»ttL'CiB*±*«*. 

[0 06 9 ] C©J; ^ %fltJ3©jB 1 ©HJS^CCfct^r , 

h o 5*. *-r«fHtsasaE«r©»«t» 12, 1 3 k 
<fcoTSB^i i©wa5J£iiaci/rffi«3^i&eg€>. ISO 

6*1* ^fp#^ h 1 o«. sascfjSEacTSiap 
40 3 1M3 6 *8Wrtc«an or «^4 1 ©^ft^ft^t* 

[0 07 0 ] SI^T^fP^^ H Ott. £-C©T??- 
aX-^#*58gSl 7, 1 9, 2 2, 24, 27, 2 
9 , 3 2, 34 ZmW) UT W* 1 1 ©fJ$P£j£BC UTS 

Jtu^;u©W**#Ae>ft5i, SWtcuK* h 1 0«#ff 
*B»W „ * fcim4W»& 0 r *» 6 »fjgn*H W (c@t^ 

wow^ifi^xhuzt. mivtf v b i oti^tf* 
so [007 i ] cct, ffios?»©i*w*«S[fese»^ 



13 

*ff oik* mow. ttwsttEmoimm 12, 13 

*tt¥ffl4 2J:5KLTmitS5J|*83. c©&», n 

*rH»aaj4 3». a>&4 1 ©$afi^G vl *g:#-cigtt& 

L/TJ&&4 1 $fcJW';>*3 0, 35f^g|5CD 

5*iT^SI$3 1 , 3 6 {*£©»*«#«. fi8ffl£G vl © 

[0 07 2] eftfc«fc»). $ffa4e? HOW, JttRfft 

12,1 3ic<kmm^h, imgmzmmc&bx 

- SigIK^3*SCi^*4. 10 
C0 07 3] &fc, mfPomr utf y b 1 Ott, 3fS 

O^ffniK? h 1 Ott, j^ee^iBrtCc^jt u^i>©##5 

[007 4] «±©*KS©J& 1 (DJUSMK Jcfttt, ^ff 
©i*S6*0*| f >«fiT r H*^«4 3 *SiaL--r^aftfJ 

»a*!&B&»&*ffi«-i-s &m®vmm 1 4 , 
1 5<,c£-?xm&i 1 ©flwaae.^wsfwrrsc 

£(cj;9. Mflci l&3mbxmT?2>4-o<Dm%mi 20 
2~ 1 5 fT0lJ©2-o©0i&*£l 2, 13tCj;o 

rfpst-r h t zcoimmmzmmrmmx— 
ases-a-ac sfcttBueik gossip 

«CfMII©Ti'*»x-$r2 7, 2 9, 3 2, 34£#S 

i£, fp*3g»j: 0 sr % gmzmm im s c i a*r §• * . 

[0 07 5] ^K. HI 1 ©S66te0J{C*jW5ll«Sfif 1 2 . 

&° 30 

[0076] m2<Dfmmx-i*> m 1 s ktk-t j; *> k. 

mtt&tt©jmMlt l 2 «tt*«fflr Sf^m^^oi S 
^tfa^'^ M Ott, £ir©T*S3f2 6 SrTT^CfnJW 
T, £OT©JHMt 1 3 ^iSK^miJ: 0 4>b«2f{e«i* u * 



(8) ftfflW- 10-202562 

14 

*fctt)liK:«JS-r*. *fc*ffn#» I- l Ott, £f&&J>* 
aEa©w y>?28, 33 4»a35nai j: d K&Beft 

fit m«4 5* «*43-ttSi*(c. T«SSP3 1,3 6 

*^{cifii^-c)w;>^3 o. 3 5«r»*ssnrt--B. c 
tuc<J:9, w;>^3 o, 3 5Bua$©*>-f;T^?^x~ 
f29, 3 4 tt&Dwmati , isb^Gv , ©* n-eti 

"F1SP2 6B, taaMG vl ©;£WrS*feLT*«i>4 1* 
[007 7] c©4#, 01 9©±ffi@(C7n-f J:5(c. 

1WB4 2 (caj^ufcs^4 i ©ffia«. -&mxy-w$L 

<DTi> ?x.x.-$2 9, 3 4©!8Hu&<!::fellr©T4WP2 
6 ©«»£ £ <b * S ^ftffJ ( H*©— jSttK© 3 

not*, «inr©i»Mft i zfcvzmm* 2 

(DMftR&TXcDgffixiiMottmicmm-r&z t&x- 
as. titc<om&smt, «*<dtwb2 1 
mtciBmisxmi&bx^z^ m4<D\ f mmmt<cvchx 

[o o 7 8 ] msvmnm-ci*. M2 otc^-rj^tc, 
*Mfp#» h5 4tt, *Mtp**? h i oommcmz. 

T, Iff S H, ©jtLt,»MSj«l 5 5 ftSJHtt 1 1 TlfCDMSSP 
KCFT«MI5K:ER StiWS. CtKciO, «Bl«»© 

B42J:0igSH 1 "CWrfcti*. *fc»M*l lttil&¥ 
B4 2KSSf L-CTfrKfi^fSti*. 
[0 07 9] C©4#flffl©0';>^3 3 i, P'J>^ 

3 5i, «6^s4 2iis$H 1 safrsjej^j&jjB^s 

[0 08 0 ] 
[8^6] 



4-H, 



[0 0 8 1 ] SfcfiSL ej ^i»fI4 2 4©ra©ft * [0 08 2 ] 

4 »^©S(7) r-^i^ns. « [fS7] 

H i 

6 < = tan - ' 



C6) 



(7) 



[0 08 3] cnfcj; o , ±#BRjwiffie 3 mxoys. 

C8) 4p/c-rigf, TSSP3 6», ^^4 2#>6J6jlti 



6 l S cos 



■■{ 



L ,*+ Lc 
2 L . 



★ £ 0 

[0 0 8 4 ] 



}- 



e . 



(8) 



[0 0 8 5] ft3t£#«8 & i **«©Tii» 3 [0 08 6 ] 

©yta&^c©so) *»fc"r!fce#*a. so 



C9) 



CL 

[0 08 7 ] *fciS§H, 
L, 

[0 0 8 9 ] C©<fc5tC, 



15 
, + L 

it. 



) cos 5 4 > Lei 

#c©5£ cio) £ Wfc -r i&S 



16 
(9) 



0-202562 



* 



[0 0 8 8 ] 
[*1 0 ] 



+ L Z >H. 

W8WW5 5*ffifl|l,T. «ft 
x-£2 7, 3 2 £tft¥®4 2 J: 0 
7^? a i-$30, 3 4 4i»t 

m? S c i fc J: -3 r i&tttt g v t ©ffcfr tcga fcsgWrT -5 
[0 09 0 ] *4©SB»Wr?«. H2 1 GC^-T «fc 

r ? * » x - * 3 2 4«jfcft£* -eadi/t m 0 sS» «fc 



(10) 



10 



[009 1 ] COJg^Kia:, ^TSB3 8 £#SP3 8T«<0 
7i>^aX-$37 WC i iC J; t , 

i zwrfrtc&Wrrz. cntc^o. ii4i©i6 20 
**aMK 0 r . t^h5 3 6 msmm g, , ©sKrejgjiM- -5. 

CtK&S. C©<fc5K:. 7^*X-$3 2Wft 
S^TaSb L/cfUfCfW* 1 1 £f£IiJ©Mg* 14, 15 

£©<&«H«*£*.-s"K»i>4 1 zmxicmmtzzt 

[009 2] ^©Mfe^jTii, Mfc 1 1 *®CTIS(c 
!#K*TJH»2 1. 2 6. 3 1, 3 8il-64 1i©« 

ii*ec ris«:£»stta«©* n-enor * 5=- * x - 

£2 7, 2 9, 3 2. 3 4(CfcW5h^i'KftSl / t 1 

SHW©Ti8*3 1. 3 6©««ffl[«(c-pc»rsie8"rs. 

[ 0 0 9 3 ] m 2 2 SC^-T <fc 5 fC, 2Efft©T4ft*3 6 # 
M<b4 1 ©ISiS^Gv! i7^f i x-$34 ©ISifiSG 
v^WrafgftfeL/rir^-SW^-. 7^f a i-»3 4B, 
SKfltB 9 © h * f T t 4»'J>?3 5 {C^*.r T4MB 

3 3K, hJl?T t ©KmB*S«*. T***x-*3& 

Li COS ^ 5 £ Lei 

[0 10 0] * . 

L, sin ff 5 L s 

[0101] AdOKl^CU^^Wfe^^K. 

il^Gv^fM'J^-rci^-c^S. 3 S§ 
L, , L, ^(3) ^mtcbX^tiU. T«W3 6*fi 

[0 1 0 2 ] cftjcatt/c. 02 5«cs*tj:5k:. 50 



3*S 4 * cp<0 & T & BtltHI •) © h H> f - T a *. 6 ft * . 
[0 0 9 4 ] 7i'? 3 i-*32tt, SB#lt|5Ii)©hJb 
*T, 4»>;>i'33m«l lfcee^stT 
5. CfttCj;!). h;U^T2(DJS^JW. 7^aX~£ 

[ 0 0 9 5 ] C<D0$t,Cte^X> T^^jlX-^3 244J 
*ilt»'J>^3 34*5i, Yfrf-Ti , T 

(CfPfflLT^-So C<Dtc!sb. mwi 1 4ECf h^T 

[0 09 6 ] 023 CC^-T J: -5 CC. &f*©T^gP 

3 6^j&ift^Gv 2 iTi'?'^x-^3 4©$SEftSG» 3 i 
©ra~CSH6L-Ct,>SiS^, 7i'^ i i-$34tt H$ff- 

£tW-ffl4 2{CffL."Olt-5. C©M(Cfcl,^, Ti>?=>. 
x-*3 2%tp.btL-cm<J>?3 3£#££, 
T t , T, tt v W)>^3 3^|sl— ^lajCCHRS-ttSJ: 
^fCf^ffll/Tl^. ChtCtO, h^^T: 5*02 2© 
{4aM{&©*§^clt L -C/Jn 3 < r Sri? C £ t£ Z> . 
[009 71 I23O1 >V 4»©t*3a*fls5 K», TSSP 
3 6 3WfiiaaiG„J:oa»J <HfiH«:iai*>or*«) TJg 

itfe-r^i^c. isia^G^^istt^Gvz =t oarwtcftn 

aBG V2 ©mrffliJJ;0^ffliJ^Ttctt, T«g>33 6 ©Mite 
^*3«PF14 2 £iSS^G Vi £©5b^5 7 *MjiL?cW 

[ 0 0 9 8 ] W# 1 1 *S3ftUfct8SH«6»*RoTt,>S 
T^gP3 6©S*^^5 7 £— g^Lfcit© 
g?L x . l 2 . L cx £, M*i i©HufS*r6]«:>ff-r-2> 

3 3©±^|ig^ftS0s i©M^«, ^©^(1 

i)S.OsS ci2)-e«-r c £ *j t?tf 5 . 

[0 09 9] 
[ftl 1 ] 

(11) 

[«1 2 ] 

(12) 

1 1 TMicffifS: u ttmwm 5 5 k «fc -5 r , Hflc 1 1 

W^TSi^K, 7i'f*i-*3 2?:iS3H ! /c 
S3 L, . L 8 . L 01 £, M*l l<Dffmi5falCft-r& 

3). ^a4)&t>^a5)r'«t-c£an?i*s„ 

[0103] 
[K13] 



(10) femW- 10-202562 

17 18 

L i COS $ 6 £ Lr. i (13) 

C 0 1 0 4 ] * * [» 1 4 ] 

Li sin 6> 6 SLs — H 2 (14) 

C0105] * * UR1 5 ] 

(L, + L S ) 2 ^H^+La, 2 (15) 

[0 10 6] $fcI2 6(C^f «£5K. «fcl l^rSHfi ★ 3©±75IKJfiftg<9 . £©WfliW:. #©5S(16), 35C17) 

4 2{C^0r«j4ftflfe.,*feo«^, S3L t , [0107] 

l, , u a i, m»i i©*»fi*r&jic>pt-r?,W';>i'3*io [itie] 

Li cos ($7 +i9 B2 ) SLci cos<9b2 (16) 

[0108] * A 1*17] 

L i sin (0 7 + 0 > t ) ^ L 2 (17) 

[01093 ♦ ♦ [ftl83 

Li + L 2 2: L C1 cose (18) 

[01 l 0 ] cct. flH* l 1 **.¥-lcffi%Lfcimic * [0114] £LL©# l ^mscDW&ffl-CttfflmM 1 2 

*»ir»"C. TSSSB3 6©&«u££iSiiD8§!G, 1 £9ftoSrtcft ~~ i 5*J&&*f«rtc|g|«p(c«rff ltp^i l *^c^J» 

S^«rr*ci*ST7*«ci»*i^{coi,4-ca»iW-*-4. c© ^ico^TWBi^. #6©**Wcti. «IM«12 

*tfo^f-^ b i o«, -i, m$i lm^mc ~i 5swse#*f«;«:^nBff5{crnrttfpo-cpflti i 

r. 6®S*jS*l8ia*G» l J:»3«^«:«Wri- [0115] 1H*1 1 sectBif, *fTn#» h 1 0 

«, ^©ttBJLSSHrR-sT^S. 
[0111] f?ft 1 1 IJgP^C-r itt¥I4 2 CC^-r [0116] 2 7 (C^T «fc 5 SC. *£fr D# y b 1 

siwifl^ffiiit «si*i&©<fc*K:ibor«^r ok. £»©»>;>* 3 3 ztyrmnnxe, s-easfr 

K8Wrr*. c©fc&, C©«»J:»)Iftl ltiHct LTIWMIH 5 *JBft-r WM©W^ff 1 3 * 

aHOTf *»i-*3 2, 3 4it B«Wi©T^ Hfirr*. cnccjtt). H 2 8 <£ 5 fc, *&ffa# 
^1-^22, 2 4 teifct, ■*:;*:*<): 5 s- H Ott. IW©g^ tftb^l*4 1©S^(C7 

*>oa«©jwi*iii 4. 1 5 t»mm<Dmm ?? a i-^3 4*!tit/ 1 T^3P3 6©s*it^T^ 

112, 1 3{CtfcL.r^:*tth;i'i'*«S , rSJ:5«:« =F;*x-£ 3 4©teO«Gv l ©«2fK:fii»l/fc* 

fisstvr^ftsc. ^tfptff? h i o«. maa i *mc 30 »%»sa«ro§»**s*ci*s-c**. 

l/tS^4S5Ci*t?*S„ [0117] —77, H2 9iC^-r<J;^(C, ^ffOjJfv h 

[0112] *T©J»«« 12-15 -C^a-T €» 1 0 tt, Mft: 1 1 ;&fflJ*ttlg«S»(Cl6f#-*--&. CtlK «t 

hX^#i&-5-<<%— C&57j**J^t§£*s*.S < , C© D, 03 0 ©f*ffi0iC7^T J: ^ K, ^tfnrKf h 1 0 

ifrtTatfr* h 1 Ott, — fi, jp^l liuffl!j£TCf tt, Mfcl 1 ©lW&:£ft£*¥fcM#LTj|if* 1 1©£ 

»fI4 2{C*r-TSS^4 1 ©ifiSBtfcBtt. [0118] CCt, H2 7 (C^lT .£*>(<:, 

(CM-2>„ C©fS, ^tfP^f H0«, «*1 l*j@C i^CiU >^ 3 5 Wffi4 2 il^f SfigSTT 

t/C&5£fte&&. «36 <Dim&%:&W} L fc 1 1 . EI3 0(c^-r.=fc5 

[0 113] c©3MBtt. «W»W&±^|RISi||]t0 7 « fc. fjffcl IB. M¥-W4 2lCttVXm$P}&e ;> Xft 

i^fM^d, tCj:bL/-C/h$<^-rSC<!;*srtf 40 MlCtmLXl>2>. C©£ *©T £ ?^x- £ 3 2 ©fli 

*. *fcc©^jiB«, nm^±x<Dmwm 1 2 ~ 1 5 (c $h 3 e*, *©sea9)"?#a£>6*is. 

ISj— COOHrrJlHf* 1 1 SriUCirciCCcfcO, b)l>?<Dm [0 119] 

ffl»**lSl±rSCi3&Jt?*4. * [»19] 

Hi = (L 2 -L, sin0 8 ) cos & , (19) 

[0 1 2 0 ] i*SH 3 «, mWiffi 1 2 - 1 5 *2£6*Hi&! €»LrJBftTS2K»«rf^{CJ:- 3 r. SW©^*S5 

g»iw««cew©se»©«> i /2©ws(cigc-rc t 
[0121] c©j;^tcur, ^tfp^'f h i o«, « *«*-rs. cn(cj:o, 1 gffSbreftomftttttB. 
e^i^j: o wm« 12-15 zttdmmcmmmic-f so @w©s^* 1 fltr»s«^«:jt or i / 2 tcfcp^. e>n 



19 



[0122] miommmvu. mmmi 2-1 5*« 
^r&jfc@WF-rs^to«)€,pg<asK*»Pi8«i 2-15 

[01231131 (A) ICm-r^SlC. mfutf-j h 

5 8 «> mMom&m 1415 Ktt*.-cj»»f»5 9 , 6 
o*sEsnrc>*. ws©Miff 5 9©±#sstt, 

»x--£tf#|igg&2 7fcft£TTi'3 i 3.x-£tf*Wgi5 

6 l#B3&ftri.»*. &k<DMWm6 0<D±Mit> TV 10 

[0 12 4imai-*fljH(B6 1. 6 2it •?■ 

##Wgp6 1{* % W*l i ©M^£#fa£$tf§si:fflF'^T' 
lHl^w-&<^:41#: > mvi'92 8**«j{cftflEe lt *-cia 

iofr»36risi**£ft&ani!rt-cia«r*-*i*«:. wu> 

3 1 (B) (c^rTcfc^Cc, T*^3.x-£<tf§pgg56 1 20 
3&>6T4B»3 l©®fl&^S-C©fi3©*^|fil^i c 
os0 a „£©8t*\ T?9-*.x.--$ttf%rimQ 1*6S* 

4 1 *"C©fiS©iya^lfiR^ccH:LrS<*ti«, IB 

#1 i©*M%asc-r^*s^sn*. matte, n> 

3^x-£fl-#HBgjS6 2*6TSBW3 6©^±ife**-C© 
S3©7teR#ft*K#<t COS0 la £©St*\ Ti'^aX- 
^tttWffi 6 2*61*4 1 35T©SS©H3r^|SlfiS^ 
tcifc^rs<ft:fta. Mfcl l©£fJ*i@e 

[0125] JJfiOXJkM'CI*. %flfJ©MNIftit 1 4,1 30 
5«i«5 9IWi6 04It1-5Ci(a-,-C, IP 

L M I K < L g 

[o 1 3 0 ] ±tcmmmi8 4. es&m^xm&i 1 * 
mB&&z utcttom* 1 1 ©s*«£Wjk&6> H a, 

it. r***x-*tf»H»*;]^OTTttBP3B*: 

L g COS Q max < Lmax 

[ 0 1 3 2 ] 11 3 3 ~B&m 3 4 "CB, ^©5^(22)©^* ★ 

Lmax — Lmix — Li +L2 



(11) 10-202562 

20 

rtt. a«©iip««*jaift3#rtc % iwi i£ifcBc-r 

[0126] 132(c^tJ:5K, ^fa^'y h 6 3 
tt. mrntfv h 1 0©W^#1 2-1 StcttilT, *h 
lr»«i«flle4~6 7^E3tirt^. T&too. «mT© 
»i«6 4(t J0flMt 1 2©WV>i> 1 8, 2 0Kfti 
t, 1^W'J>^6 8, 6 9#E3JrCt>&„ £H«f©l» 
tM«6 5tt, W$Mf 1 3©WV >^2 3, 2 5Kft*. 

r. jsc>»y>*7 o, 7 i*K3ti-cc>*. af*©w 
sw»6 6tt. w«aii 4©wy>*2 8. 30m 

t, M';>^7 2, 7 3^S3tlTUS. &k<Dm 
«Mt6 7tt. JNfiMt 1 5©JJSP';>?3 3, 3 5K«jt 
r. il,«'j>^7 4, 7 5*6dStir^-S 0 03 3(C 

it. S*4 1 ©ISii:«G vl iitffif4 2 £©£,<& 4 4 <fc 

t» iP b Wj-cfflb u r t> 4 o 
[0 12 7]—*, I3 4(c^1-i0(c, mfntfy V 
6 3*10 mm <£ 0 <*Bteg»£tg& £ . »0 4 1 ttf«73 
KtfM&TS. CtiKJrO, TSSP3 6 5*ISfi«Gvi£ife 
4 2 £ ©3£<5 48i») &fit?m& l> T l> -5 „ L-fc* 
or. *MtP#';' h 6 3«> ftl©7i'?ai-itftt 

c£*-e*fcc:£{c&£. 

[0128] — WMomwie 6, 6 7*JBft-T 

SC BPWfcl lf*S|5*6T4ggU3 6@tfe 

^Sr©M«^©*/Jvg3%L. IN tL Mftllft 
gp*6S*4 1 *"C©l»aW5ffi|©g3*L. itt, # 
©S(20)©l$Mfi*f& f) iro 0 
[0129] 
[1*20] 

(20) 

£Ua* ttht. ^C©S:(21)©ra#*JSf)SE0 0 
[0131] 
[»2 1 ] 



[0133] 
[12 2] 



(21) 



(22) 



[0134] •*£*4fcl£e llAJ( ttfiS U £**6£ # [0135] 



9; MAX > cos ' 



Lmax 

L g 



(23) 



[0 13 6] Sfc, f^ftWftafl,,, tt, Hflil 1© 8B©tfe¥ffi4 2*t,6©*;*;i£<5*HMAx iLt, ^© 
SS?:L, £b. B»3S»*8ofci*©JHfti 1 Shu so ^(24)r-*i?)e»n4 0 



[0137] 



21 



& max — sin - 



(12) 



L» 



ftmW- 10-202562 
22 



(24) 



[0138] tUt>^. ^©Se<2S)*ffiJE-rSJ:^(C, 



[0139] 
[12 5] 



sin 



L D 



-> cos" 



Lg 



(25) 



[0140] m±<Dnmmvit, vomm&it 
[0141] mQoymmm^tu-^v h-bmicmcitm 

[ 0 1 4 2 ] 18 3 5 (cia>K? h #sifHc<S5§gi£©0!|£Sl 

^•rs. a3 5 (a) temicmr^&vmoutf-j 

mr*>6mfcHr$>f), H3 5 (B) « (A) £|s|;ff©P 
*Ks» h***»P>Mfc0t?*«5. 03 5 (C) « (A) £ 

©Ifii^gpcc-gp. ffiStlStifcifD^iSiiii, eft 
«-e©^fe^S|5^*H £ Jgtft I, T t,> & C <!: £^ (,T t,> £ „ 
[0 1 4 3 ] H3 5 (cfc^-c, p#";, f-2W£4 1 6£3£ 
mUX^Zflimt, S«rJ»5feSSlH54 5 1> fif^W^gP 
4 4 lS0 t #4 1 6©— £B (13 5 (A) , (B)0C 

*st,vrD©a5#) r&&„ c©£#, W£!}bfcP*"-;> h 
©^^©S^KiiPHiic, miM9mm4 5 l £ 

."&^W7fes§P4 4 i **s^4 i o znt)<>cmm.?j:¥-wic 
mzutc&G. £<omjj-cmt& (e, e* )-r&c£#i 

5 KSW y > ^©ss it*4 l o ©{ig©W 

m&vwicmiL-rt&i (®3 5 <o ©pu-cratM**® 

#fc:gft&¥E ; S:£LTI,>S©-CE. E ' £|UD&C& ★ 



5 (C) ccte^r. «»»«31*ttrrci«:«fc0w3ti 
5Rfe(C^6nft:g|5^*3-ro $fc:«*4 1 6©— SI3D 

[0144] ±ia^9©H*feW*P^'y h (DlEfc&lffib 
[0145]$ 6(C, Ptf? h*it»KSE5^K:tj^^ 

20 ffiti,^ fiPfflfiS, »i>©iw^ {c-x^-a&nji -$-.&„ sfc 

[0146] C<DtRUXte, 335 ( D) ©<£ 5 JC, ^ 
mffl<D±m$$4 5 5 £ifc®£©#ffitheta2£ UT:£iifF$P 
mm 4 5 3©STOftKI?4fSt5„ C©8atheta2 
3fc{*4 1 6©fi»ft3ftfc— »D*»6S'&4 1 0^6 

aWH*«»4 5 5 ©S£ * L , o > *rWW"r ft8B4 5 4 
©SS^L^iT^tt, ««rJ»^gB4 5 1 ii*4 

i o * 6»mk»5 o fcSfcojsas-str « i f & £ . 

L 10> L 20 . L 02 ©3a©S$?rfiFO3^<!:^83;X© 
5£(26)£$!£-f 
[0147] 



30 



t*2 6 ] 



LiV = Lao* + L S 2 2 - 2 LtvL^cos (theta2) 
[0148] ftjKtheta2*i^©^(27)*r®S-C#n«. # [0149] 
Jftffl*>6 ftc . 4 10^0^ tc&ltij [$[ 2 7 ] 



•(26) 



W5fe^Sf54 5 1 ^,t< SCii^tS. 

theta2^arccos 



Lg2 



2 L io L 8 



■(27) 



[0150] C CTftEetheta2*J*flc4 1 6 iJBlEBi** ♦ [ 0 1 5 1 ] SfcI3 5©J: 5 {c:&WH0ftSK»4 5 1 © 
Sc-f #g<fc D^tf^ti^CCW. #f*4 1 6 £<D=F&tfi£. mm&t*W4 1 6©-§PD*S^C^^©F*3SlJ6C*^ 



wac©i*, p^v h%±a*i6 



ft4 16i ©T*** D'5Ci^c< «JKtheta2?r <b -5 C 

Li« + Lso>Lj 
[0153] 55C27)iS;(28)*rai«{Cj«fi3-tt4«fc5(C 



4 1 0 ©tiffin ©&!?.£ G„ *tffi^p3nS«fc5«C-rS(c 

*©S(28)r^$ne^^^-c$>?> 0 

[0152] 
UR2 8] 

(28) 

eta2SD £ S'^4 1 0 (DiiM^WM? Z> C tic <fc f) . a«T 



*B'jW*Jiag|J4 5 5 i*HU»-r*a§154 5 4 ©BWftftth 50 JW5feW4 5 1 **^4 1 0 K*t LriW»*iai©fl«K 



(13) 



23 



[0154] gfcH 3 6 iC«^MJWWSB4 5 2 . «ftH 
flf»4 4 2RD £ *{*4 1 6(D-gPD4mif63-ti-. P#? 

h*ft4 1 6 ttftt 2>Ctfc£V) tEM'&M* @ fiiCft 
^•a-Scfc^^Wl^bfc. C©*§£\ P#y 

L io< L rz 

[0156] WSfi©aWlfc&IWE4BW4 51, 10 

4 4 1 *fi^OT«ttLfci»£&.:fc«U *4>4 1 0© 

©fr*^*?**. 

[0157] £/c03 7(A) CCtt£f£W:5te3gSl$4 1 
1. *#4 1 6©— »D*«ttSti\ 0#» h#f*4 1 
6 T SCilciD £HlrW£ B S«afta>tfS «fc 5 ft 
W*q*Lfc. coi3 7 (A) tetter, iirs^h 

•3©w«W3waw:«wr*&#. jim©^wfaw5fe® 20 

§1545 1, 44 14fSlt, n#» h*{*4 1 6 
fflf 5 J; 0 ^tt?:SJ?)S C i ^T|f ^„ C ©*§•&© P 

#'?h*±^6ifci4a3 7 (b) tc^-r. C©0 
37 (b) {cfei^r, *fs*>w«ia*ifeUT^-rKfetc^ 

03 5 (C) ©t>©£fcbKU &Pm<D (U-tf-y Kcfc 

s«tt«, mt>4 i o ©fia&SG. 36swa©^ftjgrt«c 

^^ctcijjs&^fcsf), sf©f§ti5©-c\ cn» 30 
p »k » h offifiift<D&mmm 35 < c > © © cc tt 

084 1 1 ©f^9*C2^*«feiB»4 2 1 
[0158] JJ3»9©SBIfcWttia>Kv h<D$*5Wttfa 

[ 0 1 5 9 ] m 1 0 ©suswrw. 038 jc^-rsEo -c 

^•StftHOPtf? h©^)!»6iI3 5(C^Lfc«(C^T 

i^5t^©tajj<^ h^mcmt^M^m^cD^xm. 

WfS. 03 8 (A) WdAort^ ■&$!&© ps#?v h%m 40 
*>6M^0t?&O, 038 (B) «(A) iHtfcfioT 
(,>€>t^©0#f h£:fefc6jl/c0T*<&«3> 0 
3 8 (C) B (A) iK^^T^StKtt©^? h£ 
i*^IfcS-C*l> 0 C©03 8 (C) K::te<,*TP#? 
h©*.&4 1 0*«#KSfc&¥ffltcBW*l,;fej£G. » 
^£r*4 4JW5fcjiM|.42 1. 4 1 1, 44 1, 4 5 

i**ft-r^ft0©rt»{cffi«L/ , ri»*. 

[0160] CC-eo*'? h£03 8t,Cfr;-r5L-oX^Z> 
W 6 0 3 5 (Ctk U fc«K*r t, > & tt»tt:SMfc 3 & 
(Ctt, ftfflttHlftttiM 5 1, 4 4 1 fcafflkSttTfitf* 50 
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tf? h##4 i 6*£j#-r*c£**r#s. c©<t#, 

SSl!l^i"C*S*f«aiW*»4 5 2, 442 £$*4 1 6 
©-»D©&*£ftJB©rti.fc*4>4 1 0©SI&6G. 
«^$tlS»*Sfc*, ^JW*IRaS4 5 5©S 
$ L, . £ L gJ «Ctt^©5S;(29)©M#^*S. 

[0155] 

[1*29] 



•(29) 



0Xl<>Z>atfy f- KD#ft4 1 6©— 
SB D S -ttfi^ 3 * * WBKcSEf 1 3 * -5 * 

[0161] u*»u *©fc&fc#««cRifl.|iK*g«Mfc 

«»«©IB«:«^4 l ocfiJfc&G. 
ft»©^KU.fc*§£KW v 03 9 (A) , (B) fcjR 
r«fc5Ko>K? h©««*3l*iBe-r. n#fv h©fg©I 

■e©*««c*rt»sttj»i&»6<g«-rsct*i»±-s-4* 

fricoi^-r^-S. 04 0 &OrrT J; 5 {CP* ? MftHIJ 

ep^-r)5:t>%aB5«uw5feis^4 si. 44ita ^T3£ 

*.6*.TC»S. C©«Mf*W$fe4raSI54 5 1. 44 14i 
Gib. PsKf h©*'^4 1 0 ©*;*J&CgjI;& 
¥ffi<<C&mUtc&ZG. i-T-Si. j&G. £BKG©.£ 
«L#asK» h©K«K*f^-S*tS©aSi&»). 

[0162] ±K« 1 0 <Dmmm&a^y h ©fe&W»f 

[ 0 1 6 3 ] m 1 1 ©SOWeW:, 03 8 (C^kL/cP^ 

f h^sz; o -t:i^«^603 5ic^ufcSKc«rc^ 

tt^{C««3^-rSI^(C N 4W5fe4SSP4 2 1. 4 11. 
4 4 1, 4 5 1 *^t6L-C(,»-SR^*»6PJKf h*^4 
1 6 ©-»D*S»-r 4«fiWK«*SS-r S»^(c-3C» 
ta^5. tt-CCt'iiP*''> h^"*f*4 1 6©*ffliJSP 

[ 0 1 6 4 ] Ptf?y h^«(C«r(^tt^B@4 1 (C^ 
^(C, *Mf»5fe«S|54 5 1. 4 4 1 ^aep^-y h 

*ft4 i 6©-gpDr«iiijbr*30, *©««oi[#tt-r 
^nB<D<pdc, h©*^4 i o^mtidcmAt^ 
micmi bfc^G, j&sflqs-r* c i(c j; o ^fc.^^ 

[0 16 5] t/#>U 133 8iC^LfcP*'i- h*54W© 

*n-en©3fe*S3P4 21. 411, 451, 4 4 1 v± 
6 <D-m d ^jgHfe s -a * tc u. ^« ji^rt 

K. n#» h©M^4 1 0 4S^j{cSit^mK®:*fb 
/c*G B ^t^U/cSS, *#4 1 6©-gPD^«ii§ 
1f5i^S*i*-5„ 04 2 (A) «D£;£#4 1 6©— SB 
D4®tfr-5itfr©PjK^ h*±#>6J&fcH"?*"5. P 



(14) 
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4m(0^mU 2 1, 4 1 1. 441, 45 1 
ft»2 2 1 lrt{C«fiFSn/ttt«*<B#L-30*#4 1 
6 ©— SP D £}gftt § ii 5 & £ „ 
[0166] #C{C*f*4 1 6©— a5DjWSttL,ftJJteK: 
•oiifUSWrS. 134 2 (B) it^W4 1 6©— g&D#s 

6 ©-sis d § t mm&M 4 n^nhb 421,4 

1 1, 44 1, 4 5 13Siyt*ft4 1 6©— 8BD£&9, 

mtik&.&&nB 2212 *«isw s j: 5 k & s . c ©« 10 

flKc*i>rttttlBAG. fr%>mZ2 2 1 2i*KaiJ*<*to 

[0167] &JCH4 2 (C) ttSBU«JW5te^|54 2 
1.411 £#{*4 1 6©-«$D*SttiS-tt\ ^t?f*W 
5fcffiBiS4 5 1. 4 4 1 ZtfmZmLTi,* 

z<Dtxm'&n%m%!>4 5i. 441 ^tb^weacc 

3&tt«fir$fcifi»4 5 1, 4 4 1 £#f*4 1 6©-g|5D© 
tuir^n 0©Bt££ . a jK ? h & ^< < -SJ: 5 
ttXttP y h ©»* <£ 5 (Cft^T 5 C £j&*-C 20 

[0168] S6K0 3 5&C^0fcPtf> hrt^W^fS . 

[01691142 (C) tt_hiB©#$*P3#? h©± 

4 5 1, 4 4 1 £#f*4 1 6©— 9SD £& «3 . Stfo£#s 
^ftJK2 2 1 3*«(dJTSCitCtt*. CO«IWaiK 
^ h©tKfiJ^I55<CC«K^.^G„ #3MIJBtt2 2 1 3rt 
(Cfi^f-TS^i&S&S,. 30 
[0170] ±&<D4^<Dffl&lt&?±is&m-ClX13: 
S»^«ffl5*?te,-If5 (ttffi£#W®tiS|S©J»*^ 
Sfctfl Ci(cj;«3. ^J&j&©&-f^ftJ£© 

JF^K^M-T^Ci^t 5 *?,, 0«;t«. 04 2 (B) © 
tm&>6, **r^JW5fe^4 5 1. 4 4 1 £#{£4 1 6 
©— SSDfc^S -SSC £«:<£»} Pstf.;, h£gt5£3t}\ 
3 6K£flr&l»$te4gS|54 5 1 . 44 U»6tl,Ci(C 
«tOJK»jS©«cr^»^<D^K*aQgU. H4 2 (D) 

£ K J: 0 . ±f3©tt.l»£fijfllfS{bT 5Ci *> oJIffi-C* 

®4 2 (A) ©tfl»a»6. ife«tca^4.i 
o©ia^j^G. *. mm&v&zmsmm%$m4 5 

1,441 Zfe&mteF %&®mt!*.<Dtj:-?&PiB2 2 1 
l©if-g|5(CtiiT£, Utfv RCPsK? httfa<Omfc*: 

i* 042 (D) OttlfcSoTIK c£fc-pr«gr& 
S. L/*»l/C©^ffi-C«il8»LtelSKcn#» h*i*4 1 * 

Lfpx = ™ * L 2 DCOS0 2 0 

[0176] 50 
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6 *ftK<fcSSM**R»U*-n>. 5 6 

(c g& &S-© j£H!l#W5i Jeff toft * I 4t^3W* -5 fc 

[0171] ±E©tt*^*&to*»SJ: J >K:, 04 2 

(A) tc^ra>K9 h*«4j|t?a[-3rt»sttfflw>&ig4 

2 (D) KtSTP#-? h^ZcJW^^ilf @ SKffcfa 0 

yttttttcea-r sct&< as-r s k s^o 410© 

&$>9m2 2 1 ia>6^ftj£2 2 1 4^86 
■TSifflRjW**. o*D««L.ri»4*Wa»Mfe«W4 
5 1, 4 4 1 *&A,l£mMFtiCttLX:m<Q>4 1 0 ©KfU 

^g b pjk-? h©«naitf3Erft£s»« (c©*§^- 

P#-y h©£WJ) (C&S^aS (04 2 (A) #M) 

6 , p * : » h ©filto jitsfflij ( c ©iSi^ p * » h ©*fflij ) 
(C^tibfctfc® (04 2 (D) ) t&SCiWSi? 
toSo ^©fc&iC«, 04 2 (A) (C^-r^-^2 2 1 
1 UWrSSH&U-C^SlflK) £042 (D) (c^-T^ 
ft?fJ2 2 l 4 (Psic^ h*Baf*W£*»4 i 6©-sre 
®tteur^a«.@) **ei«c*-r-BH4 2 <b) jc^-t 
&n&2 2 1 2 *^-r^>ttsja«T : *s04 2 

(B) . (C) ©Kl^igStSOiOS, K^4 1 0©& 
[ 0 1 7 2 ] C C-CttS 6(C, ±IB» 1 1 ©SUSteWcfc 

mtZtiltds.) ©H«Kot»-c»wrs. mBSit©/c 

PzKv h^±^|Pj*s6M/d^£L. S60CSW© 
BIWStS*JHH»aJ©*£"J-*. -5l9n#5hti4M 
«F©«IB»>6*i*4 1 6/eM*Sfl6$-a-SfcfetCttMjS 

[0 173] 04 3«P#y h*4*ff:4 1 6©-g|5D* 
SEttS-ttfcBRtc. fimmi%%B$$4 5 1. 4 4 1 ££'© 

s*»*svriar*«. ccce«rjwMi5W4 5 3 *m.£ 

£ 0. M*>6^WMfipg|$4 4 3 &a*£tt*xft£ 

sfcM* ; &£fc«3, x«£sacKjaa5-r-5iiD»* 

iOftjR*^,.. ^SUiOfiSSL,,. *f*W£x«i£ 
©ft ffi* 9 , x . MjSj6» 6*aW*l9M«SgB 4 4 3 * r © 
ft§*L d . ^mm^c&4 5 1 £*ff^»5feJgg|54 4 1 

**s^aai*F£-r*. cc-c«f«e{t©fca>. sw© 

So 

[0174] C C-C^mr»5feSg|S4 5 1 ©)S« 

(L frx . L trv ) «^©S(30), S(31). ^/c, -ffikM 
5^6154 4 I (Dim (L rrx , L rrv ) «^(32), ^(33) 
£^CS„ 

[0175] 

[13 0] 

(30) 

[1*3 1 ] 
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Lfr-y =— L20Sill^20 
Lri»x =Lfl + L.2.COS021 



[0177] 
[0178] 

[0 17 9] S6«Cj£«Ftt^©S;c34)ii&S. 
[0 18 0] * 
y=ax+b 

L zosin^io— L2isinS 21 



(15) 

* * 2 ] 

* * [*3 3] 
★ [8*34 ] 
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(31) 

(32) 

(33) 

-(34) 



a — 



b = 



LsuCOSd ao + L<i +LjiCOS(921 

-L 20 Lai (singzicosgzo+singzocos gai) -La L2osin02o 
La + L locosd 20+ L 2icos0 2i 



[0 1 8 1 ] 04 2 (A) (Dm-ii. Cliff? hiS4Ml££ 
tf&l/*f*4 1 6£^UTt,>SttJ|g#><E>, f-©# 
f*4 1 6©*W*«*ai'rS*-C©tttt»»*ff 5. C© 

ff 9«C«*K»«US©&-r*ft»2 2 1 1, 2 2 1 2, 
2 2 1 3, 22 1 4CE>nfftCSX>4 1 OCDSK^G.jW 
^3ft-S>i&g#s*-S> 0 L,#>l/#f£4 1 6©*WJ^ift 20 

G.>iaG H + b 

L2osin©2o— Laisind n 



[0182] OsK? h#**lft(C|6B-r*C!>*Rf±-r* 

fct^src*s^s*s*s„ ^(Dtc&tc. m&4 1 o©i& 

IB&G. ( G D » , G BV ) ©e^tt;X©SC35)*«JET-S 

[0183] 
[S3 5] 

(35) 



b = 



L 2OCOS0 20+ L<i + L2|COS02> 

— L20 L 21 (sinS 2icos0 2o+sin9 2ocos0 21) 
La + LzoCOsS 20+ L 2icos0 21 



-La Lzesindzo 



[0 184] CCt-^tia^^ilfcii^, atttftTF 
T*£t§-&*^-r o 30 
[0 1 8 5 ] 04 2 (B) ©ig^. h«*^4 1 

e©-a.Di£a«ra«jteiaa>4 2 1. 411, 45 

1. 4 4 1 4l6Jfet,Tl»£fcB{>. l«ai©1^^31^©»S 

©tprfe-oifcssat^r&^it^s. l*>u o 

hsMM 1 6tt. *i*4 1 6©q&W*J8»Lrt>* 
WflU:. W*&fl>it*&n i &Z 2 1 2©Oiff? H*fffliJiC 
fiS(/*s^-C*4. •e©fcfes^4 1 o©S:^g„ 
Gpy^taa© aoGpx 

-L2isin02i 
G By < 

Ld +L-2tCos©2j 

[0 1 8 7 1 142 (C) 

04 2 (D) tC*5l>TSfl»«W«jlS!»tOrfKil 
•e©/c*H4 2 (C) {c^WS^WajWogjiftk: 

042 <d) (c*ji»r«. n-Ky h©a^4 



^©oJtltt^^oifeiS^it^-S,, Dljfy 

fa{c^-rs©*i*±-r m>i>4 1 ocdk^mig 

. {**WfaWl^ifc&i*f*4 1 6 D 
Bj^GJ;0a#? h^ffltf (04 2 (B) (Cfel,>tBT 
W) CC*£i&g#S*3„ ^©fc&(Ci5c©^C36), 5£(37) 
X«5£ (38) ^mSf -5 i^S*s* €> o 

[0186] 

[*3 6] 

(Grx^O) 

(OSGp.SL* ) (35) 

(L, gG P „) 

1 0©SU^W. *#4 1 SCD-WDROf^WIWjfeift 
SP4 5 1 , 4 4 1 ©i&-r^«^2 2 1 4F f ^cM$£ft-5> 

[0188] 
[&3 7 ] 



(16) 



29 

ax + b ^Gpy^tantf 2 oGpx 

— L 2 isin# a i 
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30 



•(37) 



ax+blG„< 



Ld +LaiCOS0 2i 



C 0 l 8 9 ] m l 2 <D*teMri*, in 3 8 ic^o^n*' 

^itci^a^-rsi^HC, h©)W©5fc$,gp©#-e 
ttfc < JW«P£f£ffl T €» c i &t J: o . a $ v h ©Jtf»j©iit 

f^W^fflf h*^4 1 6©— S|SD£ 10 

[0190] mS8(,cinVtcU^y h&iLiX^ZtRM 

LfcJcSK. §^©Wr'®fl6f -5»i#^fc — :>©)»{cot,> 

6«:*©«»**ft4 l 6 ©—SB D &im.? 2> t. xnm 

[0 19 1] Vfrb— 5<0JBK-3C>-C2ttBf©SSi^E% 
J3fo/d»£-, ntf > h#£^&t£^fciS'Otc«a/h|R2 

*-r4ifig-r*fflii©ffirf*jw©3feJSgB4 51,44 

JWgR4 5 2 , 4 4 2 U JHH©JB©*rtltttaH£ 

4 1 lrt(C. *>[>4 1 0©Klfe£G. tfi|fe& 
Snfc^r!t^a#*stftoti-5CiicJ:o-C. 33eL 30 

[ 0 1 9 2 ] 04 5 tc 4 M^©t^fr6£t)i%R©& 

xm& u x i» 5 f^^o!>tt«a»©«*m"r. c c -es 

4 5 (A) PjK* h*UIW5fcg&g|$4 2 1 , 4 11, 

4 5 1, 4 4 1 foX^to^ti&MVX^ZWSrC&Z. 
C ©tttt* 6 * MfgW § tf . 145 ( B ) iCmt 
<£ 5 K^fr&WSteif&gM 5 1, 4 4 1 &CWSI54 5 2 , 

J6«»L/r C»ft:*«ail5te«IW4 5 1, 4 4 1 *a>Jf ^ 

5 1, 4 4 15^4 5 2, 442©4fiBffit/<tt 

*o5%®3®ffi&mm-?zt&wffi±<D0>n&2 5 1 3 

©l*JgMt*,[>4 1 0©SRjSG. ##*ftSE,4 5 * 

L f mx = ~ L 3 OCOS 0 3 0 

[0198] •*• * 

[0199] 

L r r x = — L 3 iCOS 9 3 1 — L a nSCOS # a o 

[0 20 0] tfr -ft [ 

L rry = — L 3 1 sin 9 a l — La»sin0 30 



(GpxSSO) 



* (C) K^t^iiClftS. SfcEI45 ( D ) ©<£ 5 

txsam ^mxtiz. cots, tammfi&frsn a 5 
1, 4 4 KD^mmiyXit, tctcMBftmzmmmic 

^ty-SZtcVX^ P**v h©«W*9liN@Ct,#>fc& 

-e©fc&, waw*3EB:K*tt3tt««c3iSofis«i 
&&imi>* %tib&mj£-rz&ft&2 5 1 4©[*jsiuc 

*.i>4 l 0OBM&SG. #*W#3ft.5J:5K:Lfc9, S 
[0193] CCtttSSK, ±IS» 1 2 ©jUSWcte 

[ 0 1 9 4 ] 04 6 h&ftmmm<D$&&$u 5 

1. 44 1 &IttB4 5 2. 4 4 2%mm£it, ^(DlgM 
$$&%:-?&ftB2 6 1 lrt«CS^4 1 0©«*G„ * 

[0195] C cr*WWH»fflJ4 5 3 *JBjS4 U ft 
iS3&»&«a«W«Sff4 4 3 *a*B«!*x*|4^-4. * 

S6iC«loJWIiaSP4 5 5©SS*L 3 „, $6«c&«r 
WH»4 5 5©fi3 4L... P&BuWTfegP4 5 4 ©S3 

*l 31 , a»»i5ffliJ4 4 5<!>ss*L ) ,. aawrfaw 

4 4 4©ft3£L 33 > £WirrtaiP4 5 5 ix«ii©fl 
K£0 3 „, aWjW^taSP4 54ixii©ftS4e„, 
*i«WJISH»4 4 5£xtt<b©fc]S*e„. *aw-r*iai5 
4 4 4ixfSi©ftft0 33 , m&frhttBXMt 
Mgpg|14 4 3*TOg^4L ( A**. 
[0196] CC-C^B5fWMgB4 5 2 ©JS« (L F „», 
L,. r ) «^©^C38), ^C39), aWW5fe«SI54 5 1© 

mm (L, fx . l„ v ) «^(40), ^(4i). amwwsi54 

42©Ig(L r „, L rnv ) (*^©^(42), 5SCC43), ^ 
f£W5fe«SlH4 1©)1« (L rrx , L rrv ) «^(44), 
(45)^^-5.., 
[0197] 
[«3 8 ] 



■(38) 



[3 9 ] 



★ ★:»4o: 



(4 1 ] 



■(39) 



•(40) 



•(41) 
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31 32 
[0 2 0 1 ] * * [f£4 2 ] 

Lrm»= Ld + Ij32C0S#3Z *(42) 

[0 2 0 2] * [#4 3 J 

Lrmy= L32Sill0 32 (43) 

[0 2 0 3 ] * * [»4 4] 

Lrrx= Ld + L 33COS0 3 3+ L 32COS0 32 "**"'(44) 

[0 204] * * [«4 5] 

Lrr» = — L 33Sil»0S3+ LszSin© 38 (45) 

[0 20 5] C Cra«rWMSU4 5 2 <h«3UWR9:4 4 ♦ I , «5$(46X iffiR I « tt5£(47), fflR I , tta£ ( 4 

2«ts^aua« i, . smitsHMiu 5 1 t^mmffi k> 8),itu j*3S(49)tJEcs. 
§U4 4 1 ««^jtit(« i , . 3 h^mm%muA 51 c 0 2 0 6 3 

iSWJJWaU 5 2 &&&ffiK£ 1 3 . «$Mftft4 4 [»4 6 3 

2 <ha«W^S!54 4 1 «ft^itDK«r I , fT*. 

y-a 1 +bi (46) 

L rmy L fmy 

ai = 

L rmy L fmx 

(L rmy L f my) L f m x 

Dl ^ L fmy — " — 

( L rmy L fmx) 

[0 20 7] * * [«47] 

y = a 2 +b 2 (47) 

L rry L f f y 

a 2 = 

L r rx~~ L f f x 

(L rry L f f y) L rrx 

D 'Z =Lrry _ 

Lrrx — L f rx 

[0 20 8 ] X * [«48] 

y = a 3 +b 3 (48) 

L f my ~ L ffy 

a 3 = 

L fmx L f f x 

(L tmy Lffy) Lf fx 

b 3 =Lrfy- ~ 

L fmx Lf fx 

[0 20 9 3 ★ ★ [»4 9] 

y = ai +b* (49) 

L rry L r my 

a a = 

Lrrx L r irix 

rry L rmy) Ij r mx 

D4 — L rray 

( Lrrx L rinx) 

[ 0 2 1 0 3 H4 6 icfc^r, utfv r-#£jg&jft»* ^C50)i«jar«£**J*S. 

WH'&fcti>®a^U:,*AX*2 6 1 1 rt(C*i04 1 0 CD [02113 

#£**rCl>SCitC*3. *©fctf>. [S&50 3 
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33 34 

a 2 +b 2 ^Gpy^aa + ba ( L f t x £ G P *^ L fm3 ) 

a 2 + b 2 |Gp,^a. +b, (L ( »^G P ^L™x) (50) 

a-2 +b 2 ^Gpy^a* + b 4 (L™»SGpxiL,rx) 

[0212] Sfci4 5 (D) ICTKZfttcWMlcm&T * [0213] 
ZlCW,X<I>j£,<;51)Zm&?2>&m&i!b?>. * [ifc5 1 ] 

a 3 +b 3 ^G P y^a 2 +b 2 ( L t * x £ G ox £ L f mx ) 

a. +bi ^G Py ^a 2 + b 2 (L (M |Gpx|L^) (51) 

a 4 + b 4 gG Py ga 2 +b 2 (Lr»^G P x^Lrrx) 



[0214)11 3©HJS^-Ctt, h<D##4 1 

[0215] 04 7BO.K-; h©W£^J&1±^W*©— 
UteW&lr 3 tctfX . jgttfe.£> 6 tt -5 gftBOfomc . 
psjr-, h©S4>4 1 0£«;ftCcSifi&¥ffifc&WU;fc."S 
G.&i^r^saf^^Ltu^ t©Bf, p#' 20 

[0216] Ctl*-C©WC«. Ptf'u* h^03 8(C^ 

Ofc3i-or<,^«^60 3 5 ic^b/cSfc^r^si* 

^ca^T-S^K, *<*4 1 6CD— gPDiP^|gIB#(Cg| 

CCT1ffl4 8(C^tiaK 1 a#.?F*5i4 8 (A) 
(C^f3i-jTt>£l#K;fr>*E>H4 8 <B) {C^-r*^4 1 
6©fllf§15<D*-r-®Ji^rff^t^ ; Sr^ab-rEI4 8 (D) 

5 1. 4 4 1 *«ttrr*RKC, 04 8 (C ) (C^Ti 5 
[0217] COiSO^s- h©*»4 1 6©HSI5©<& 

*-ctn», 4 jgnsr-r^-c eitc«i*i u^^Ht 5 c t 

3&*T*4. 0*>l/BI4 8 (A) tcs^ J: 5 tc, fPSfeg 40 
&t«©fi£#j£0&t>*§£-kt 04 9 (B) tiCm~?£ 5 

esseo. w^w«aiJ*j*fe±tf. m<D&$ terns •& 

[ 0 2 1 8 ] 0 1 4 ©SafcWCtt. P*K » h 
©#f*4 1 Q*ft%, ntfv h©$#4 1 6 0- g|5£JJip 

[O219105OIJ, S3 8tC7nt,fcajJC y hJ&s&o 
TV St^ffi*> 6 . P h ©#{# 4 1 6 ©—SB J as®Jft 50 



h<D*{*4 1 6 CD—gJIJ <taBUf*W5fe3SS|54 5 1,4 4 
l©&t"£-ft?f$3 0 1 l©rtg|3(C, P*T^ hCDM'lM 1 

[0 22 0 ] ±t3©ttfflWgf* 3 6ic|$L/ < IftWrS. 
CCTS5 1B, &S&&0XD&&4 1 8^a**ir f. 

i3 8(c*lfcaf ^ h*33i^rt^tt^6PjK 
9 h*s*#:4 1 6<D-MtftM<Dimm%&f&VX> K 

4«8ss^*^urt^„ -en-en p h*±*>6mfc 

[0 22 1 ] 05 1 <A> ttn#» h#4J»3feJMB42 
1. 4 1 1. 451. 441 £#*g$&L/T, 

1 6t*it8M5tt*j#%. *<*4 i evmmcmmK&b 

■otl^feOi-rS. C©^KttP^5» h*54Wl ; &^ 
*. 15 1 (A) -Ctt. 4m<D&t&&<Drj:-r&ft&3 1 

i i®4itcx4>4 i o©&B5*g„ ^^gn-ct^n 

[0 22 2] 05 1 (B) XltUtfy \-ft>4J$X'W&L 
^f*4 1 6 %»ttlffl{carJW*# 
4 1 6©m^^aK^jgii!!3-t+fc0r*S o C©£*. 
Jgtl^l«*jWjfe*8IJ4 5 1, 441, 421, 4 1 1 S 
CR*ft4 1 6<0KBI^aKi&*. CC-t?ti4W^«it!j 

ot(,>5©-c\ mm&<Drj:-r&pij&3 1 1 2*>^-nen 

©WSSftj&*ttA,ft:t>©i 5 . -e©F«1»tC»C»4 1 

[ 0 2 2 3 ] 05 1 (C) -e«Pii*9 H««mUW^« 
rP4 5 1 , 44 1 i^:(*4 1 6 (Oim^MKX^m^X 

^zvmx$>& a c<Dtmxmm&o%:-?&-P)M3 1 1 
3©tftcm^4 i o©ja^*G P ^*titt,^«, p 
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So 

[0224] ±.m®wmm®zm&? s t , a* ' ? h © 
flmf itent-r * «t o ttMM©fl^££^©&iibtf4> 

ft<> n«K» h*IWi**±rttJtittWS«-r**. u 
*»UiK3*»«©*ft4 1 6£ffiflJl/Tt,>Sfc&, tf&ffli 
©=R*©fflIl& £. ff 2 - > ©£«14 & <, > S W 
«**$fe< ftS. 

[0 22 5 ] iiie® 1 4©396«-Ctt&W©S&ttj£i*g. 
S„ * fc, ±SBS& l 4 ©HiSfeWi a #* » V ©£*r *«Ati 

[0 22 6 ]si 5©n»jT'«, hcomicmm 
ei^^n^n^ws c £ tc £ oTW^ntsu^©^ 
f 1-405 2 (A) cc^-To coiprnitf* h©igrip 

*CO(,vri£^££, h©WW> 5fe^g|54 2 1 . f 

taW42 4» HaJ4 2 2. «»4 2 5K:«fcor«iaSti 20 
tVS, C crM&T?^3tiiaJ^-i-JEt*>%3tii«4 2 
1 SOWS 4 2 2 tt. Sttffii ©B9RfflRtfJt£jffliJift 

S) . *ft:Kfe-C^Stiyt»»-rft*>%-ria»4 2 4a 
CXiH«4 2 5 tt. ®&Et©0J^&#!||fe©S|S#i: 

tmorm < . u^^ ©%%& «t U rjgttffit S»R 

ms-a-sts^ -mmM*n%±tfxmm&&~c&#i 30 

3tfS©-ew:ft<, 05 2 (B) (c^TJ:9tcR:aiK9 
h***Sttt>Mt*»*Lrt>*ttll8*>e. 05 2 (C) 
izm-f*. *) (C v &i*>£&?&6ft^#>£?&Sj£CC»«>3 

•a-, * *» e # tttfi h mm & t-c&mz 
*a§R42 4%-r^-csffts-ti, 052 (dmc^-to^ 

-as., c©*£. *©Sftfe^©tsa*5J£^:f S ft: 

[0227] te^mtD&mmmtete^Tix, xmn 40 

b_l«38# c , c ©imb* JsaatcfMj 3 a-a&W}? s 
[0 22 8] *fcJhJfic^(E»Wtc*ji,»rtt. «£$©-£ 
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-c*s„ 

[0 22 9] 3 6tc±J6©SIBMl««:*ji,>-ctt. JS 

©i#^fflij©)Wtii«4SWr{caa^{cBes-rst&^K: 

mctt bxamz ntcgmzm s t*> ##»©— mhw 
(cjg«L.fc»siJ*iBftL<riBii-rsfli^tcfcjifflr# 

So 

[0 2 3 0 ] S6{C±Jfi©HEa.«fC*Jt>t:tt. T:??-.* 
S Wg|3©W«pSPds 3 a S*«±4 4>o*^(c feMffl-C* 

So 

[0231] 3 t>t,c±m<DmMM<ici6\<>xix. m&*m 
«a©«WM»K«fc^r3a#i>r^ffrsJi^{coc>r]* 

(c« efer s js^ &c fc jtffl-r # s „ 
[0232] 3 t>tc±m<DmjfeMic*s^-cu % mw*m 

[0233] 3 zicj^&ommmizis^xiz. {tm-rz 
Bice. «»TH«a»*«JBrr4»^«:oi,>ra^/t 

*ff»^iE©HflSit*»*-r iHft-C^c 0 -ft 

{c0^3nfc*ftSPfflrg|J4®tft-rsJ^^, #»{c^ffl 
b * <r> n aw«©«a&» 4*ftmcnx*fl 0 c <Dwmm 

©— S4*ftg|JJ: o.««ffi±{cB50rs?ii-rs*i^ 
^ Bttfi(C^-f!lL,/c*ftg|5©fr*gPRm^§|54S^ 
SWttfl iE6*©IWfiSa*T^«cJBftbrSs»-i-«*» 
^c^iifflr^So 

[0 2 34] 

ffl-r «^©»awj«i-©^apxtt-»©»w©»«i© <t 

sfl&0Tfis$«iap^sftg|iffi4<gi«-rs c i«c & 0 . 
*fta54^Lr^a&fsis^©wgP4 i b^, ©ts©jw 
mc «t o rfatrs t ^ (Diimmmzffimteffii&xmm 

fc3R*3«»* ojK » h««RCf*©«B»^*!!PH-r 
SC i^-CtSo 
[|lIB©Si#ft^] 

[01] *«?8K«tSniK» h««RC«-©ftMBWj£© 

-n*6iM4m-r ms^WMmii-c* s„ 
[02] *ffp>Ky h©«a5e»*w-rB5«w&fl«ifia 
r*So 

[03] ^=ffo#'9 h©ffi9SI^4^-rBg«6<jfe{HiJffi0 

•C*So 

[04] *W&a*^©«Wl«*H«F«:flefflorfBII^ 

s <fc §©*tf p ^' 9 1- <Dim&m%jf;-?mmtft&mmm 

"C*So 
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nasi mfutfv v<D&%'£m*m?mmfflmm 
[06] minx? v<Dmtt<Dmm*fn?mm£M 

[07] #tfa^'- y h©^tf4>©S?#^-rB§^iffliJ 

[08] ^fP*'^ h ©^W ©i£f££^TI«lW;£{Sffl 
®0-C£>5,, 

[@9] ^tn^? v<mn^<Dmm*^mimM® 

iir$>§. io 
[010] ^fn*'* KDXf - h-7^>^-TBS^H 

[011] *f«S:i>"&B«©Wim#^|B]Btic^fflT-5»^* 

[012] *Hf(Ro'£mr©)«iM«^iiiB§ti:®ffl-r-5^ii 
sgffccDi #<D^mi^*^-rB§^a<j±ffi0-c*^ o 

[013] s%^©i^©^f#M«^-rB^fi<]±® 
0-es>€>o 

[014] m«)mmj:<omte*mc? mco^mm^nk 
-?Mt&m±mmv$>z. 20 
[015] mkmm&vmmL^-gmtcxT--- v^mrn 
^ommmmm<»im<Dmw<<c<m- ?> mmm&m 

[016] mtymmzittmmczr- n^Hfr-rs 

[017] ft*^f#-5 3o©V>^r-^24afcP#^ 

[018] ^2©^iSiS«f!l<D^*^^^-rBg^25ffllJ® 
0-C&&. 30 

[019] <Dmmm(»i'mmm<Dt%<D3mmm : $: 

[020] ms <Dmmm<Dimmmj: *) m.m±L*>mmc 

•r & mmmmimmT $> & . 
[02 1 ] m4<DmMM<Dmt)mm£K>3L%gmiczT 

M0-c*6„ 

[02 2] «5©^^iJ©MW©W«^©egi 

©i^B^(Ctt-r^B§,f«^aBlJffi0T*.5 o 40 

[023] mb<Dmfom<D'm\<DMm.m<D®m.t v>v>7 

[0 2 4 ] »5 eo^JtW© h ^ ^tt»*JW »j ftb* t # 
©f*ffliJ©W«#©t4g>&^Tiif|«W*ffliJffl0r*^ o 

[02 5 ] m5(DmMm<Db)V?ffi5L&$]t)&t)Zki* 

[02 6] msomMWDtJizv&i&tyv&frzts 

[02 7] ±W©WM«/cW*fflft-r^i§©&f^©W 



ftfflW- 10-202562 
38 

[02 8] £W©MMW»teW*mfflT«i 
^©{4g*^TIH§i^6g25EffliJffl0-C* £. 

[02 9 ] w&<omwmmi*mtirti>ti!<o*i®e>M 

[030] meommmoimmmj: <o t-mommmtz 
vzmm ufci *©i^©fflM ; &^-rB§fswaM0-c* 
5. 

[03i] ^7©^isf!(©m8iJ©)W«#©fia ; 5:^-rws 

[03 2] m8©*)ISM©^fnjKf h©^JS4-^-rBg 

[033] ms(Dmmm<Dm^'^%^m-ofct^<Dmm 

[ 0 3 4 ] m 8 ©*HS0H©tt&sgi££»o fc i # ©win 

*©{4g£in-r bs^»J3d0 -c* 5 . 
[035] mgomMmoutfv vifimc < &z>gm<rm 

[03 6] ^9©IWSM{c*j^rn*^ h©;fcflWWf 
[03 7] ff!9©SlifeWc^-rntf> F©^f*W5fe« 
^•T0-e&£„ 

[03 8 ] 01 0©Sg«S«aj©O7K* h*siEr>r 

[03 9 ] mi 0©HiSWC*Jl,>TO#^ h©«@J*?| 

[04 0] mi KDMMffllCte^XUtfy hJiftSflBKIE 

[042] OiKsr h*i4W-rS[r,Tl>*t«»*6. 
[04 3 ] ^1 2©^Wc*$t,>Ta«Ky h 

[044] b&imm&ttzmm-cGW<DW& 

[04 5] 4»att<Dtt»6>6*8J«)»©*'C«*l/"C 

[046 ] \-&miWi<DffimtMM*imz 

r t, > €>^*m-rBsne5jiE4ffl0-c*-2, . 
[047] Kow*«ts-a-rpft<!>-aiJ*«jfi- 
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[048] Utfv b&iL^Xii>ZV$&fottW<D9fm<D 

[050] ntf? MyioT06ttf£#>6, D#5ho 
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5 ©SS5tmBgMWiC^-f ffiijffl0-e& 3 0 
[05 3] Bjfi3!n>K* hOttf^OWWK^-r&ISttW 

C^oiJiW] 
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